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Vegetable Pests 



SAFE, EFFECTIVE USE OF PESTICIDES 

A MANUAL FOR COMMERCIAL APPLICATORS 






PREFACE 



This manual is intended to assist pesticide applicators in vegetable 
crops prepare for certification under the Michigan Pesticide Control Act of 
1976. The manual was preparedly Drs. D. Cress, F. Laemmlen, and M. Erdmann 
of Michigan State University. < « < 



v ' " - ■ ■ . . ' . ^ / 

A list of^ self-help questions and "instructions for completing the questions 
are at the end of each section. If you encounter difficulties in using the 
manual, please consult your county -agriculturaT extend agent or representative 
of the Michigan, Department, of Agriculture for assistance. - ^ 

Some suggestions on studying the manual are: * " 

1- Find si place knd tijne for study where you will not be disturbed. ' 

y 

2. Read the entire manual through^ once ^understand the scope' and form pf 
presentation* of the material. ' • 

3. Then study one section of the/lrianual at a time. You may want to^derline 
important points* in the mapdal or take writteri notes as ydu study the section. 



Answer, in writing, t^ self -help questions at the end of each section. 
Instructions on how-to use the self-help questions in your study are 
included with the^questions. These questions are intended to aid you in 
your study anci-to help you evaluate your knowledge of the subject. As such, 
they^are an intportant part of your study. ~„ • 

Reread the entire manual^once agaip when you have finished studying all of 
its nin^ sections. Review with care any sections that you feel you do not 
fully/understand. 

This manual is intended to help you use pesticides effectively and safelV 
when they are nee4ed. We hope that you will review it occasionally to keep 
the material fresh in your mind. ' 

\ 
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INSECT PESTS OF VEGETABLE CROPS 



, /.Insect control programs .ideally ■ shduld s iae aimed at the most susceptible 
or vulnerable stage of development of the insect pesjt. Generally this is the 
immature st^ge.' The immatur^s:' (1) are less mobile v than the adults and are. 
therefore confined to a given area; (2) immature stages cause damage through 

their feeding, therefore, to prevent the damage, the immature stages must be. 

u ■ _ ■ '. . . ■ . 

^ controlled; and (3)' immature stages do no£ reproduce— only the adults reproduce. 

By controlling the immatures, there are fewer adults to reproduce-. ' * , 

. • % / . 

j Under field conditions, there are*many instances where the insect pests have 
,two or more generations per year. Hence, if the crop>is a full season crop 
(onions, potatoes), it will be attached repeatedly. In thede .cases, it may be 
^possible to control second generation adults — especially in cases where the 
^immatures live in the soil. . 

Type 'of Foliage : *J*he various vegetable crops have characteristic foliage. In 
the case of lettuce, cabbage and spinach, the foliage is rather erect and stiff 
with relatively few leaves., On the other hand, potatoes, cucumbers, and tomatoes 
lie flay on the/ ground with a large number of small leaves. ^ Between these two 
exti&emrfs are crops" such as celery, ^eppejrs, carrots and other crops which grow 9 

•> V V . ' 4*" ■ ' 1 i 

erect wrfcli many leavers. The more leaves there are, the more dense the foliage 
becomes. \The denser the foliage, the> mbre difficult it becomes to achieve thorough 
and adequate^Qoveracji of the ^.ower portions' of the plants. Earl\y season appli- 
cations, when th&rey i&' relatively little > foliage, may be adequately and thoroughly 
made with 3 to 5 gallfqhs of spi?ay per acre. ^However, it stands to reason'that ; ^ 
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by midseason and later as the amount of foliage and the dexftity increase * 
drastically, the amount of spray (gallons per acre) must likewise be increased 
to maintain thorough and adequate coverage of all the additional foliage. 

•Another factor to consider concerns the leaf surface. Some crops such as 
cabbage and onions have a very waxy leaf jsurface. This makes it difficult to 
keep the spray material on (the leaves. In these cases, additional spreader- - 
sticker or wetting agent mayi be helpful.. The applicator must keep i^ mind, 
however, that leaf surfaces are highly variable in case of wetting. Hence, ' 
in some cases additional wetting agent- or spreader may cause the spray to run off 
the leaf which results in less spray deposit on th^l%af than would have been 
present xf^no additional wetting-spreading agent had been used. ^ 

Insect Pests and Damage: Insects can be separated into^three groups depending 
on £heir mouth parts. The three kinds of mouth parts are: ({) chewingV (2) suck- 
ing, and (3) \rasping. The type of ' mouth parts determines the type of damage 
caused by a giv>n insect. 
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Examples of insects with chewing mouth 'pjarts ade Colorado potato beetles • ~ 
(adults and larvae), cabbage loopers, cutworms, cucumber beetles, asparagus^ ' ' 
beetles, maggots and bean beetles. .The damage consists of holes in the Reaves . ' 
and/or whole leaves and roots and stems being consumed. ' Insects with chewing mouth 
-parts generally do not transmit plant diseases— with the exception 'of the cucumber 
beetles' which transmits -bacterial wilt o^ucumbers. . *\ ' ; ", 

Examples of insects with sucking mouth par brCnclude .aphid s, leaf hoppers and - 
tarnished plant bugs. These insects pierce the leaf surfacy(like a nrasquitq 
pierces your skin) and suck out the plant juices. This res/its in ±he stunting ' , 
of. the plants and/or curling and wilting.of the leaves. Also,' in, some cases there 
is plant reaction to the insect' s saliva. Examples of this type of plant\ reaction 
are leaf hopper "burn" in snap beans ind p^ta^oes. There is a yellow to yelldwish- 
brown spot each place where the insects pierce^the leaves. Another example is 
"black joint" of celer-y which is caused by thS t tarni shed 1 plant bug... i \ 

In addition to the feeding damage, insects with sucking mouth garts— namely \ 
the green peach aphid and aster leafhopper^transmit several plant diseases. 

" • Y ■ ■. if: 

-. ■>. .J a v • . " ' I 

. • u , - ■ . - ■ I 



' : ' < , . • • 

These diseases include leaf roll in potato, .aster, yellows in celery, lettuce, 
carrot ajid onion, and mosaic in peppers, f j ' 

< « - ^ - | • y 

7 Insects with rasping mouth parts are thrips. Thrips rasp or scratch tfismall 
hole in the surface of the leaves and. then suck up the juice as it runs out. 
In cabbage, these small holes heal over and turn brown and later black. In f' 
onions, tiny white streaks resulted as damage continues, the/photosynthetic 
ability of the. leaves decreases. ' No-plant diseases are transmitted by -thrips. 

Insect Reproduction: Insects ^reproduce in- two ways. One way is by sexual 
reproduction and the vast majority of insects reproduce in this manner. This 
^method is somewhat .limited in that only (roughly) half ^f the population deposits 
eggs, which incubate for .several' days' before hatching. This results in 1 to 5 -' 
-generations per year (depending on the specific inject) . 

The other "method of reproduction is by parthenogenesis. All aphids reproduce 
•by. this method. There are; only f emalesSwhich means that every\individual is 
capable of adding individual s to the population. Furthermore , ' y\ung aphids. are 
• born alive so there-' is no • loss of time in egg incubation. The- net result is that 
aphids cafn pass through- a generation in 5 to 7~days and increase up to tenfold in 
10 days. There are 16 to 18 generations per yeaf\ 

i ■ ■ * s. . ■" 

Jiethod of reproduction and number o£ generations per year is extremely \ 
important. in any insect control program. ' * 

Insect Microhabitats : $0 n & kind of insect may only, be found in potato fields, 
another kind only ,£n onion fi4lds or cabbage fields. 'However, to effectively ' 
■control the given- insec* you must' know its microha&taft. -This is where the insect 
actually Hves^n the plant.',, Some insects such as Colorado potato beetles, 
leaf hoppers and 'flea beetles -live and feed on the upper leaves. On the other hand, 
aphids prefer the undersides of the lower leaves. Other insect forms such as 
maggots, wirewdtirfs and white" grubs live in the soil. 'These are examples off, 
" microhabitats ( - .. B , - • 1 

: t To control* the pest, the insecticide must be either originally placed in the 
miorohabitaLor in' the^case of the soil ^s^emics it translocates (moves) through 
the -roots and stems to! the microhabitats of the foliage feeding insects. 

: • ' * • . A ' - 1 "*• J . 
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Nonsystemic. insecticides and foliar systemic insecticides do not translocate. 

Hence, they must be originally applied 'to the microhabitkt or in the case of 

f * ■ * r . 

the foliar 7 systemic s, to or slightly below~the microhabitat . 



) 



Ultimate Use of, Crop : The commercial applicator should be sure that he knows 
the. ultimate use of the crop he is £reating. -He should keep records of those crops 
that will be used for fresh market, those that will be processed directly out of 
the field and those that will go into stdrage for a period of- time. The ultimate 
use of the cr'op is important in terms of when the crop will be harvested ^id 
enter the channels of commerce. This is important information in the selection 
of the ch j emical and the cut-off days before harvest. 

' • / -\ 

Generally, those crops which "go for fresh market '(for example, lettuce}' * 
celery, some cabbage, potatoes, 1 etc. ) must be the most insect-damage: free. This 
requires that the applicator properly apply the correct* Ibhefnical in such a way 
as to control the pe3t be for endamage occufs* and yet not have excessive residues. 

■ -i ■ , *v • 

Generally, processing crops* "can tpljpatze sonp^insect damage because this 
\iamage will be /masked" in processing. ^However, crop's that * go into storage can 
break down in storage dua to rot organisms entering through insect damage. 
Therefore, knowing the ultimate use of, the crop can be very important in selection 4 ' 
of the insecticide a& well as knowing how mucji damage can "be tolerated ancj Will 
provide a, marketable 4 crop. ^ / 4 ' , 

Timing — Seasonal and Timg of Da^ ; No insecticides, or other pesticides, can 
perform miracles! They" must be applied aft the right ^ime to coincide with the. 



ppefc 



appearance of the pest — and before the damage has b v een done. Most insects Appear 
at .about the same time each year r However, dlue to weather conditions they may 
vary 10 to 15 days in initial appearance f^om War to- year. The? commercial appli- 
cator should be knowledgeable of the approximated time of initial appearance as 

f * ' ' / x 

well when second, third and additional generation^ emerge during the season. To 

aid in "keeping tabs" on a ^*ven season 1 s' activity, commercial applicators 

should stay in closfci^ouch -wira^their dbunty Extension office as well^as receiving 

the "Insect, • Disease and Nematode ALERTS" issued by Michigan State University. 
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Another important factor concerning timing the , application for maximum 

effec^is the time of day when the application * is mado^JTobe most effective, ' 

the insecticide must be at present at a lethal level when the insects are 

* o • * 

active. Most folieflge feeding. insects are active between 65 F. and 85°F. Below 



or above these temperatures, control Will be somewhat reduced. 

generally, insecticides should be applied in %he late afternoon, evening, 
night, or very early morning. As a rule of thumb, application between 9:00 a.m.^ 

and 4:00 p.m. is not advisable because temperature and wind are too high. In k * 

..*.<• ' 
« addition, sunlight breaks down most insecticides so they are not available when 

• * k 

the temperature returns to conditions for insect activity. 

The foliar systemic insecticides -are generally absorbed best when the plaqft 
stbmates are open. Hence, they should be applied at temperatures between 65° 



and 80 to 



85%. 



This also corresponds to the insect activity range. 



V 



Types of Chemicals: The systemic 'insecticides have several advantages and 
disadvantages when compared 1;o the contact (nonsystemic) insecticides'. Advantages 
o^jsystemic insecticides are that they: (1) enter the tissue and are not 
exposed to sunlight/ washing" off, etc: (2) move in ; the tissue to a greater or 
lesser extent toward t£e growing point: (3) give a day oir two longer effective 
control^ec-au^e of 1 and" 2: and U} are very effective against small sucking 



insects (aphids, lea^toppers,^etc/. ) . The disadvantage" is that systemic insect- 
icides are not generaliy^ef f ectiye against large chewing insects. r ' * 

-The advantages . of contact (newsy stemic) insecticides include: (1) £hey are 
effective against both small and large chewing (andj^ueking) insects: and ^ % 
(2) they are widely available and 'registered on mosjt crops. The disadvantages 
\include: (1) they are not absorbed into the tissue an\i so they mandate thorough 



coverage of all leafjand stem* surfaces: (2) thep remain on the surface of the 



leaves and thus are exposed to sunlight, 'washing off 



generally effective for 2 to 3 days (depending oil weather, etc.)/ 



Applicator Responsibility : The commercial applicator must fully realise that 



• he is responsible for proper application, usin4 pnly 



disposal of "empty" containers and. excessive spray material. 



etc.:- and (3) thej£^ar&" 



Registered chemicals an4 
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; ' Pays tb : harvest, tolerances and residues ; All pesticides which are registered 
^ fqr: use bri .vegetables (and other food crops)' 'must .have a tolerance (established 
\ by U;S. Food a^d Dr^g Administration). To meet .the toleraijce level, residue 

samples are 'taken during) the development of the chemical to determine the "cut-off 
dJiys before harvest." .The hut-off days before harvest vary from crop to* crop for 
a given chemic^i^^TK^s variation concerns leaf surface properties, plant 
growth habitsr/ and chemical properties^of the given insecticide as it reacts on '. 
the plant s.ur^ace. The commercial applicator must be aware and READ THE LABEL 
EVERY frlME h e> applies the chemica^ to be sure the cut-off days before harvest 
will not be violated. 



Spray coverage : There «are several ways the applicator can check to see ' 
whether thorough, coverage is beijib obtained. These include: (1) checking for 
the white r^sidu'e of wettable powders after the application has dried on the , 
foliage and (2) use of paper^card|s or other indicators placed! at the -site in the 



foliage where coverage, is most 3ifficult t REflEMBER — coverage mQst be obtained 
* ^ — 1 — A p — ^ '^crohabitat) . Obviously, if. the coverage is 

not being properly obtained, ■ .cotrfective adjustments must be made. These adjustments 1 

. ■ _ -*r ; 

may include: (1) increasing the. gallonage, (2) changing the nozzles,, 

(3) flying higher or dower , , (4)' u&e. of .drop-nozzies , (5). using more nozzles, aAd 



\ 

r 



(6) changing the type of spraying 



equipment altogether. 



s 



^ Environmental factors: Environmental factors such as temperature, sunlight, 
and relative humidity function? to<£eth£r to shorten (breakdown) ' tlie residual *time 
-of pesticides." Wind is another iijiportiit^ actor becaus^ Qf drifts Drift- <s f / 
undesirable becai^se the drifting chemical is "losV into the surrounding environ^' 
ment and thus it is not available I'in the target foliage to control the pest. 
Furthermore, drift.c^n- contamiriatej 'adjacent chop's an4/pr livestock* . homes^ water, 
etc. Hence, the commercial applicator must be especially aware of drift and its 
potential problems. r . ' A . 

Pesticide compatibility : Pe^tibide coiapatibility refers to the mixing of 
two or more* pesticides in the tank at the sare time. Some of these compatibilities* 
and incompatibilities are given in the various Cooperative Extension Service \ 

s given ,ofi the label and/or from the 



T 



publications. Additional informatioli i 
various companies,, 
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"Gross" chemical compatibility jean be nh^^ by mixing a small amount ' s 
of the chemicals in -the proper -amounts and allowing them to stand for at least 
one-half hour to .see whether they, precipitate or ..heat up when "mixed . However , 
.you should be aware that subtle' chemical changes can take place which will," 
not appear in the gross check but : nonetheless will render the combination less} 
effective or .(worse yet) ineffective. .' ■ * . 

'\ ■ V.^ '. r ','-^'--> v?; * ' .- ••• . ' ... 

• Another type of incompatibility results in plant phy to toxicity. This can 
happen ev|n though the chemicals are chemically compatible. To. check for . ' , 
phiitotoxifcity, a small ar6a. (few plants) should be treated.; If no plant injury 
is apparent in 1 to 2 day? after application you can be reasonably sure, that the 
remainder of the crop, can be treated without phy to toxicity occurring. ■ }['- :/ :/ ( 

Little is actually known about compatibility-incompatib/ility due to the vast 
number of possible combinations,/ formulations, crops and weather conditions. v For 
^f Se :^ ason - y° u should. always be Very caubiou^ when mixing pesticides. /It is 1".-' 
MAYS Better, to be safe t^sorry.! \ r - . ;.• v 
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SELF-HELP QUESTIONS 



•/ M ./ ow u that you have studied this section, answer the following questions ' 
? Write^he answers with pencil without. referring back to the . text. When you' are 

JfaJS^V^ h , your ^ ltten answers, see if they are correct by checking them 
.. W1 tft^he text. „ Erase your answer ar^d write in the correct answer if your^irst 

En^;^^ these, questions are not, necessarily those that are 
. used A,n the certification examination. ' ' / ■ 

'»*•..• * ' ' ' : - ": '' •• , 

• v l. At which stage is an insect generally most vulnerable? . A'.--' 

" . . " i ■ ' " '* ■ '•' ' !-- v ' i- '■ 

• 2.. ■ flow, does ;. a>axy leaf surface affect the/retention aiil/ties of Vpesticide? 

O^Jg^J^K* 1 * of damage results £fom. insects wit^ (a) chewing ^mouthparts 
•v, - r .<b) sucking, mouthpartte; , ( c)" rasping mouthparts. ' 



What is parthenogenicity? -a. * ' ' ■ ft ° • "•' ,vi 

' 5 * effectively?^ t0 ^ the ^orohabitat of a pest' in order to control; it 

6. ' How does knowing the ultimate use of a crop affect the" selection of an 
insecticide? ' . * * ■ •• . 

"v > ; - > • ■ - . •-• •' - : : ~ I - '. • ■ 

" . % .:• . • ' :• • : ' * .• ' :•' . .' '•• ,. ' 

,7.< In general, at what time of day should insecticides be. applied? 

8. ; Are systemics generally effective' against small sucking insects?' 

9. '. Is" the commercial applicator- responsible for disposal of empty pesticide 

containers? . ■. . . . ' . 



Should a commercial applicator read the label every time a chemical is 
applied in order to be suire the cut-off days before harvest will 'not be 
violated? 

\* 

List five ways to adjust the rate of pesticide application. 

; . ' . ■ ■ ■ >i 

Why is pesticide drift undesirable? 



How can you check for gross chemical compatibility? 



. - 10 - - 
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WEED PESTS OF VEGETABLE CROPS 



Why ContSrol Weeds? ^ 

" , * j- " 

WEEDS REDUCE VEGETABLE CROP YIELDS by competing for water , nutrients and * 
light. Some weeds release toxins that inhibit crop growth, and others may harbor 
insects, ^diseases, or nematodes that attack crops.. Weeds may interfere with 
harvesting operations, and in some instances, contamination with weed seeds or 
O.ther plant parts may render a crop unfit £or market. It -is obvious that 
profitable crop production depends on effective weed control. 

You should never attempt to establish a vegetable crop in a field that is badly 
^ infested with perennial weeds such as quackgrass,- yellow nutsedge, or Canada' 
thistle. Herbicides and. tillage should be used to control these pests at least 
one^year in advance. ■ ^ ~ - h 

Usually, effective weed control in vegetable crops requires a combination, of 
management techniques. You may need to use a combination of different herbicide 
or alternative methods. In some cases, minimizing tillage can effectively reduce 
weed populations. Growing the same crop year after year, and using the same weed 
control techniques will encourage the development of problem weeds. Rotation of 
cropsr, herbicide or tillage methods can help solve this problem. Whenever you 
see a small infestation of a problem perennial weed invading a field, it should 
be eradicated immediately. Wherever possible, weeds should be prevented from 
producing seed. One plant can produce thousands of seeds, and these seeds will 
live in the soil for many years. JN. 

Types of weed pests : Weeds may be classified according to their life cycles, 
habits of growth, or general appearance of their leaves and stems. 

Annual weeds are^lants which complete their life cycle from seed to seed in 
one year. If they germinate, in the 'spring, grow mature, and produce seed that 
summer they* are called summer annuals. Examples are large crabgrass and redroot 
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pigweed. Plants that germinate in late summer, .overwinter , and prqduce seed the 
next spring are called winter annuals . Examples of winter annuals are common 
qhickweed and shepherd spur se. . 



v .. Annual weeds reproduce primarily by seed. Single plants of some species may 
produce m hundreds of thousands of seeds per year. .Only a sm^ll percentage of 
these seeds germinate the next season but many more seeds can remain viable in the 
soil for a period of several years. 

.Annual weeds ^reproduce primarily by seed r Single plants of some species may 
produce hundreds of thousands of seeds per year. Only a small percentage of 
these seeds germinate the next season but many more seeds can remain viable in the 
soil for. a period of several years. Annual weed^ should be controlled when they 
are small and whenever possible, seed production should be prevented. 

Biennials are plants which complete their lif^ cycle in two years. They 
typically have a juvenile stage the 'first season and then produce a seed stalk the 
; second year. Examples of biennials are white cockle and wild carrot. 

Perennials are "plants which Jive for more than two seasons. They are often 
grouped into two categories according to their reproductive n^echanisms. 
(1) "Simple" perennials reproduce primarily by seed and may possess thick fleshy 
roots capable of regenerating a plant; however, unless they are.mechanically cut 
or disturbed they do not generally reproduce from roots'! Plantain and common 
dandelion are .examples. of this group. (2) "Creeping" perennials are those which 
commonly reproduce from creeping vegetative organs. These may be aboveground 
(stolons) or underground (rhizomes) rootstocks as in quackgrass and field 'bindweed. 
Perennials such as'nutsedge and > Jerusalem- artichoke also reproduce toy tubers ' 
(underground swollen stems) whereas wild garlic can reproduce- by bulbs in the soil 
and small bulbl'ets produced on top of the plant. 

Creeping perennials and those possessing tubers are the most difficult 
perennial weeds to control. Cultivation and other mechanical means of control can 
result in increased population's due to propagation by these vegetative organs. 
More details on perennial weeds including color pictures and descriptions of 40 
common species are available; in Extension Bulletin 791. 
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Weeds may also be designated as broadleaved species pr. grasses . This is 
usually done because herbicides are often toxic to one' type and not the other. 
Weeds»wh.ich have. Succulent stems are called herbaceous weeds.. Those/with hard 
stems that resemble vines, trees or shrubs are classified as woody plants. 
Poison ivy, Virginia creeper and dewberries are/examples of woody perennial weeds. 

Principles of herbicide' use : Herbicide^/axe used either on the foliage of weeds 

or through the soil to kill germinating we^d seeds.. Some chemicals have both 

/ 

foliar and soil activity. 

Foliage applications ; These treax^nents are ma4e to leaves of growing plants, * 
usually ^s liquid sprays. They . kill' plants by two methods— contact 01/ trans- 
location. ' " / 

■ ••■ / ■ • ■ ■ ■ ' 

Contact treatment kills only the plant parts actually contacted by the 
herbicide. However, the nonccmtacted parts (i.e., roots)' may die because they are 

deprived of the leaves. Adequate distribution, of the herbicide over the foliaqe 

• / J 

is essential. Sei^ct^vity /may depend upon arrangement and angle of leaves, diff- 1 

erential wetting, locatic^n of growing points, or upon spray placement. Contact 
herbicides are most use^dl to control seedlings. An example of a nonselective 
contact herbicide is p^ira^uat. 

Translocation kills the entire plantjlaecause the. herbicide moves within the 

plant. For example/ when applied, to thd^leaves the herbicide is translocated to - 

the. root s. It mav/also move from older leaves to young growing points.' Therefore, 

herbicides of thi/4 type are used on perennial plants' as well as annuals. For 

example,^ 2, 4-D ijs a translpcated herbicide ^that is widely used to kill emerged 1 

broadleaved weq&s in corn. ' ' . ■/ ' 

j ' '. ' ' ■ ^ ' ' . 

With folidr herbicides, many factors influence the movement into the* plant ' 

and the respc/nses can vary. More consistent results are obtained^ and variability 

may be expla/ined -if these factors' are known. 

1 

Proper/ application: Rate and^concentration of herbicides are important and " 

*» / 

therefore/unifqrm application ahd proper choice of gallonage is necessary. 

Although hnifoij^ distribution of systemic-type herbicides is not as critical as ^ 

for soil/ applications, too high a rate can cause decreased long-term kill. 

16 
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'Uniformity of concentration and delivery raters essential; therefore, "correct 
nobles, ^sprayer speed, agitatiou, pressure and dilution are important. 

Interception by leaves; Leaf angle, degree of hairiness, expansion, and leaf 
area-dpy weight ratio influence response. In annuals, greatest concentration. per 
• unit area of dry weight is obtained in 'seedling stage. In, perennials, the 
greatest ratio 'occurs . later' so treatment should be, delayed until considerable ' V 
growth has developed. A canopy of leaves can be a deterrent to effective control 
or. a safeguard Against injury. Wetting conditions will affect interception by 
changing -.leaf' orientation and^reducing leaf area. - ., . 

Retention: Keeping spr^y dro^Lets on tfce^leaf is an important consideration ' 
ome contact with the le^f has been made. Type of leaf surface such as waxy coat- 
ing, pubescence, and rb^lTness, afffect^etentioii. Retention can be increased by 
use of/wetting agents and other materials that lowdr surface tension, nonpOlar 
formulations (esters) and low spray volumes . ' 

■ . I ■ ,u < c _ 

/ * 
.Rainfall will cause run-off if it occurs shortly 1 after or during application. 

With, many herbicides, one to two hours after application without rain will allow for 
penetration. Herbicides also volatilise from leaf surfaces when exposed to f 
high temperatures. / •. • 

Absorption :^ This phenomenon varies with each herbicide, formulation, plant 
species, and environmental factor. Thickness of the cuticle (waxy coating) hdfe a 
direct relationship. - Uniform leaf coverage is essential for -maximum penetration. " . 
Penetration may be" both an active and a passive process. High humidity, high soil 
moisture and .conditions that favor rapid growth increase absorption. Stomata 
that are open may be an avenu^of - entry for volatile^ herbicides and those 'of low 
surface tension. ■• ■ 



Translocation: Downward mfcvement\is through .the phloem (living tissue) and 
is favored by production of assimilatory material and growth processes. Herbicides 
tend to move to regions of activity sucti as buds, young leaves, seed, storage ' 
organs and meristeinatic areas. Excessive application rates ^ or contact injury reduce 
translocation and are factors to consider in herbicide combination. In a few ' 
cases, herbicides have recycled in a plant. Movement out of the plant roots or 
excretion of herbicides have been shown under certain conditions. This will 
reduce the amount available to the plant and plant responses will be altered accordingly, 

' * 1 ^ 

o . 
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Activation ^and deactivation:^ Some herbicides (2,4-DB) are activ^ecf by an • 
enzyme system after entering the plant (B-oxidation) while others (atrazine in ^ 
corn) are 'deactivated by being, metabolized orf complexed with cell constituents 
such' that they are not available .to exert ^Cytotoxicity. ' The rate or degree of, ' 
degradation is influenced by conditions affecting plant growth, 'i.e. , temperature,"" 
sunlight, soil moisture. . ' • » ' ' 

. AccmnuJ^tion: The rate^of absorption and translocation affect accumulation." 
Accumulation at the sites of action, generally meristematic regions, varies with" 
species and rate of degradation at these sites. Environmental factors that 
influence/ metabolism, and other -mechanisms at the site of action will influence 
plant response. / . w ' ' ' >■ 



* < 



Cellular sensitivity.: Ultimate response^faplant to a herbicide is at the 
.cellular level. Susceptibility varies durj*fe*S"seaspn and with the season. ' * 
Maturing plants develop varying, levels of tolerance. Mature tissues or those of 
low metabolic activity will show little response to a concentration that would have 
been injurious at an earlier stage of growth. 



Soil applications: These treatments are usually applied to the surf ace -of the 
soil but may/also ^e incorporated into the soil by cultivation, or injected below 
the soil surface; 



Timing of the application in- relation to the -growth stage of the. weeds*'- and -crop 
is important. The application may b^made *preplant, preemergence or postLergence 
- as related to the growth stage of the. <£rop plant. ' 



Surface moisture -must follow surface treatment for most soil\applied 
herbicides to be effective,-' you will obtain best results when these herbicides 
are carried into the soil by rainfall, or overhead irrigation.. '*' 

Ifhe tolerance of vegetable crops to soil soil-applied herbicides depends to 
somej extent on keeping the herbicide placed in- the surface half-inch of soil. 
If there is excessive leaching of the herbicide Wo. the termination zone, injury 
can result^. For this reason, less herbicide should be used on coarse- textured 
sandy soils jfhat are low in organic matter or clay content, it also takes less 
herbicide, to control weeds on these soils because they are not readily tied up. 



Before using a -herbicide, be familiar wit>h.its Jesidual life in the' soil. 

- * j — _ ^ ■ ■ 7; * ■ < 

. Some herbicides £\ay persist in the. soil for extended periods, which will in- 
fluence other cropping plans the^ same season o^ the next Wason. ' 

Herbicide applications may^ be further ^defined -based on tfie area treated. 
Applications may be further defined based on the area treated. Applications over 
an entire area of foliage or soil are termed broadcast applications, a In contrast, 
applications in a strip along a row J of plants are calleql bcuid .Applications . ^£pr ays 
that are aimed at the base of plants and kept off the foliage are called directed 
sprays . When localized weeds or clumps of weeds are sprayed with a" hdnd sprayed — 
this is termed 11 spot " spraying. /* L 

Many factors may have an ef fect on how well -soil-appii^l herbicides move to 
t:|je site^of action. A knowledge of these factoYs involved' in the transfer of a 

herbicide from applicator, through the soil, and to the plant is helpful in * * 
obtaining more cqnsistent responses or in explaining sbme of the variability. 

Proper a pplication s The use of the correct* rate of application is essential. 
Very small amounts are^necessary to inhibit plant growth. , However:, sufficiently 
high rates must be used to compensate for. the amount bound td the soil or otherwise 
made unavailable fqr uptake by the plants. 1 Rates must nofbe of the magnitude to, 
cause crop injury ot soil residues. f ' 

Uniformity of distribution over" the sprayed surface i^ important. Nozzles 
must have a uniform delivery, a -uniform, spray pattern, even spacing -anci proper^ height 
to give uniform coverage. Water ^volume is not important if there is a constant >v 
concentration and uniform distribution. Constant pressure an<^ speed are nec/essary. ^ 
Granulars present a greater problem in obtaining uniformity. 

/ v ^ A / 
Soil interception : An even, uniform surface, free of clods, manur$%|>lant ' 
litter and other debris will help insure a good distribution pattern. Spray 
droplets 'cover the upper surfaces of clods, but not beneath, while granulars 
-fall in depressions. Granular formulations- again present a greater problem or 
uneven surfaces. * ^ 
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Physical movement : Wind and water (excessive rainf allj/causp run-off or 

movement from treated area. Movement i? to depressions, causing increased 

' . ; J ^ * ^ 1 

concentrations in these areas. Some leaching into the soil is necessary for 

effective control. Incorporation into the soil will benefit some herbicides- but ^ 

distribution may be unpven or placement too deep. Band applications are lost 

when untreated soil i|^moved in by ttye cultivator. 

i > . \ y . 

. Volatility : This /is a major form of loss for certain herbicides. High soil 
temperatures and air movement increases volatility losses. y Damp or wet soil at 
time of application can cause Additional losses through water vapor distillation 
or by keeping the Iferbicide concentrated in the exposed surface layer as water 

V 



moves to the surface: Incorporation deduces volatility losses." 

/ ' • ' * 

Photodecomposition : Many herbicides are broken down by exposure to sunlight. 
Lossds occur when herbicides remain on the soil surface for extended periods. 

j • . 

- Solubility ; Movement into the soil is related to solubility; therefore, salts 
-will move* more readily than wettable powders. Additional rainfall is needed to * | 
get wettable powders into the upper one-fourth to one-half inch of soil. 

Movement in £oil : Water transport provides for the greatest amount of herbicide 
movement in the soil. ; This occurs primarily when there ife sufficient water to 
exceed field capacity. Diffusion in soil water is important only in the vicinity- 
of roots. Diffusion in soil gasses plays a part if the herbicide is quite volatile. 

*i 7 • * - . ■ 7 \ . 

Greatest movement is downward; however, some lateral and some upw^ard movement 
occurs. Movement varies greatly in different soil types. ' * .» ■ * ^ ; 



Degradation: Breakdown of the chemical is by chemical and biol'ogipal processes 4 . 

Temperature, aeration, pH and other soil factors wi^Ll affect chemical processes 

such as hydrolysis and oxidation. The degradation by micro-organisms is one of 

the major means of herbicide loss-from soil, (danisms may be specific for a 

^particular herbicide and their numbers will increase when repeated applications are 

• • . • i . 

made. Conditions that favor growth of *micr ; o-:organisms will speed, breakdown' 
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Adsprption : A great, deal- of variability 'exists in the ' amount ttf^herbifcide / ■ 
^ adsorbed -by soil since soils vary- in organic matter and inoir^anic^sqil colloids- 
Organic* matter adsorbs more strongly and thereby greltly reduces 't-he ainount "of 
v chemical available and also regards movement jjjfcsoil. Randox. (CDAA) is an 1/1 
exception in that rt i<*> mor^ effective ,in high organic matted soils. # * * <- 

Absorption ; This is the mean s^ of entry ijito the plant and it is favore^by . v 
conditions that favor high transpiration rates- The 'amount of root system exposed 
^ is important since amount of herbicide absorbe/3 is generally "proportional; A 
heavy plant population may reduce amount absorbed by any one plant as weir as 
concentration of herbicide in soil.' ) 

• • » r • „ m 

Translocation ; Upward movement is primarily in /the xylem (nonliving tissue) 
and concerrtration is in areas of most rapid water loss. Rather high concentration f 
is in areas of most .rapid water, loss. Rather -high concentrations of herbicide 'can 
bejpoved since living tissue is not involved once the chemical reaches 'the / \>' 
vascular system. ^ 

Activation and deactivation ; Some herbicides (2,4-DB, Sesone) require activation 
either in the soil or plant. Other herbicides may be Reactivated in the plant by 
metabolism or^mpdif ication. Active -arid inactive metabolites of complexes may 
be formed. Selectivity may be obtained by ti^e^sprocesses. 

Accumulation; There is-a threshold concentration for j^nytotoxicity . Amount 

takeri in must be greater than the amount degraded or eliminated. Conditions that 

* v. 

affect absorption, translocation or degradation will reduce the accumulation of 

1 r , . , 

toxic concentrations. • ■ * ' 

Cellular sensitivity ; Plant response is due "to sensitivity to a certa: 
concentration of ^rtiemical . Species vary greatly in tissue structure.- -'Envj 
conditions^ and tissues' maturity play an important role. Matiire tissue generally 
shows less activity and old£r .plants are less likely to' be killed. 

• c 
Preventing Herbicide Injury ' » ' 

A^Lthoup?i herbicides offer an effective and ■ economical ^means of cbntrol, cert&\n 
risks are adherent in their usel Plant injury is one of these risks. No plant 
is comple£el|y resistant to herbicide injury, but any jplant tolerates certain 

: ' . ■ v , 2 i 
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, . dosages. .Selectivity, or the ability of a herbicide to kill weeds without 
? harming plants, %ay be partially JLost under adverse environmental" conditions. ' 
Careless application can also result wwiajury to /a customer's plants or those of 
a neighbor. Injury c^n range from' complete destruction of plants 'to slight 
stunting or ^scolorafeion which/^ften has 'no longXerm adverse effect. MorJ^ 
. details onx prevention! and diagnosis of herbicid^ injury can be found in Extension 
Bulletin 809. .' ^ ..*>r' • • ' r 

'*,*'•< »• . 

v r v Make sure spra y equipment is designed and operated properly' ; Faulty 
application equipment/ or improper use of equipment ' .can lead to overdosing' which * * 
causes erop injury^r underdosing which gives poor weed control-. Herbicide \ ' ' ■ 
sprayers are designed to apply chemicals uniformly over a given surface area. 
Application rat*s are determined by the speed, pressure, nozzle size and the amount 
. of chemical added to the diluent (usuai^ w.Jter) . Nozzles designed specifically 
for herbicide application^ (flat fan or\ve^pray) should be/Jsed rather than ' . 
cone-type nozzles used for other pesticides. Improper spacing of nozzles can cause' 
overlapping and result in a banded in/ury pattern. 



Equipment should be calibrated periodically to assure that the desired ? 
gallonage is being delivered. When nozzles become worn (particularly by .abrasive 
wettable powders) the flow rate can increase and result in* overdosing or uneven 
application. " 

Frequent checks on tractor speeds and line pressuJTduring^apilicatibn will, 
insure uniform application rates, Injury occurring on slopes could result ffem ' 
ove * d £ l sin ?. if the sprayer were slowed down as it climbs the hill. . ' 

Proper agitation in the spray tank .is essential if uniform distribution is to 
be' obtained. Failure of the agitation .system can cause settling of the spray 
material ,. and- overdosing may result in the areas that are first sprayt 



Sprayer calibration: One of the", most important factors iS effective weed 
spraying is accurate calibration— determining the. .amount of spray Material applied 
per acre. A range of 20 to 60 gallons per acre, at a pressure of 20 to 60' 
pounds per square-inch, is satisfactory. '' 
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Adjust the, T>oom height so*tha.t the spray overlaps about a third at. ground 
• level. For overall spraying, using 80 degree nozzles, this places the nozzles 
s y about 18 to 20 i^nchls apafb on the boom and 18 to 20 inchtes from the sprayed — 
surface. 4 / * 4 - ' . * • * 

A good way to. 4 calibrate aN^sprayer is to: t 

1. FOjXl the spray t9%£ with water only.* • - 

2. 'Sprajr a measured area, 'in a field if possible, at a fixed tractor 
, speki/anci pr^surp gauge setting. Be sure to allow for partial * "* 

coverage if bands are used. ' ' ' ' • 

3. Measure the ' amdunt of water needed* to refill the tank'. ' 

4. Divide this amount by the fraction of an acre sprayed to get the ga 
applied pef acre. ' . , «■ 

5* Mi^xthe ampunt of chemical desired per acr$ with -water to give th 
spray material * \ 1 

For example, if 10 gallons were applied on one-fourth" acre, the volume oflS 
spray material applied would be 40 gallons per acre. If you change the tractor 
speed or gear pressui^ setting/ nozzle size, o^nuipber of nqgzles, the amount of 
liquid .applied* per acre will be different axja recalibration will be necessary. 

Cleaning weed control sprayers- : ■ Yd is, important to Veep weed control sp^yers 
clean. This is especially true if you ike' them to' spray more than one crop or", to 
apply fungicides and insecticides. ' ~ ; 

• JQp' not use a sprayer to apply either [insecticides or fungicides if the sprayer 
has contained 2/4-D ty^e herbicides. ' • 

' \ / ^ " - ' * ' 
^ When cleamhg a sprayer, thoroughly rinse the whole sprayer with water, 

inside and out, /including boom, hoses and nozzles, both before and^fter cleaning. 
Partially fill the sprayer with water before you . f add the cleaning agent. Keep 
the pump runnings so that the cleaning sdlution will circulate throughout the 
sp ? rayer. Do not leave corrosive cleaning 'agents in the tank or spray system more 
than two hours. 
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, 1 When you are using only pre-emergence sprays, a good rinsing witfcr water is 
enough Tor^othe/: spraying purposes, remove' weed, killers from sprayers^y 
Adding .1 gallon o^ Jiou^hold afamonia or S ounds of sal soda to 100 gallons of * ' 
'water.-' Allow tAis J*^u£ion\ td* stand" in the sprajfer for at least .two hours. -Drain 7 
it out through ttte^oom and nozzles, and rinse the sprayeif with water. . Do not 
l^t spray solutions stand in Jh^ tank overnight. Dp , not allow, solutions to r\qi S A 



into streams or other water sources. 
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v '■ ( ' \. ' \ SELF-HELP QUBSTIC; 

'Now that youVh^^ fstudi§d...-tois ,seclK^n r answer the following -questions! 
Write ^the ans^rs,^*^ referring -back 'to the te*t y % l$|tien yak are 

^ satisfied with your -written /answers,' ^ee'i£ # tliey are correct ^by 4 <?h^cking them 
• with the .ftext^ Er^se^biir answer and write* in' the J .c$rjrect answer £f ypkr- first 
~&nsyer is wrong ; <^Note 'tljat th^e, questions* -ar^ not necessarily ^thqse -£hat are* 

used in the** certification examination. * ■ ^ „< y"! V ' ' N - * ' 

' x . . 7 * a ; IT.*/**', . .A * 

. : . . " ; - ' . ' * ^ ' ~- 

(Jan minimizing tillage effectively reducfe weed populations *in som§ e^ges? 

^ • • " ' i , <»* J* 

2. 4 Explain difference between simple and creeping perennj^ls. 1 
^3. ^What stage of plant are contact herbicides most usifiul in controlling? 

: > • ; • ^. <l 

4 v \i^re translocated herbicides e effective against botfe/annuals^^nd perennials? 

; - \ "« ' 

6. Whp: canVesult Jfrom too high at rate of herbicide? " -V . 



6. List four factors influencing* herbicide interception^by 'leaves. 



7. HoW can retention he increased? 



v 0. , 

8. vDo^s thickness of the cuticle affect 'absorption? 

f . . i - 



9 n Do translocated herbicides tend to move to the roots?* , 
10. List three factors, affecting *the tfate or**degree of degradation of he^bicfides. 
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11-. ^ Does tjhe rate of. absorption a 

* .' % \ • " 

• ^* • ■ I x ^ 

12. * What are band applications?- 
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accumulation? 



til/ 



13. Does water vdlume affect proper application if there is a constant con- 
centration and uhiform distribution? 




.14.. Is some leaching into the soil necessary for effective control when using 
. soil applied herbicides? > * 1 1 



,15.- What is photo-decomposition? 



16. Does any lateral movement of herbicides occiir in ttfe soil? 
IT. How does organic matter affect adsorption? 



I8U Can 3ome herbicides be deactivated^ in the plant? * v 

19.* How. do mature plants differ from young plants. in sensitivity to v herbicides? 



£0.. What is herbicide selectivity? 
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CAUSES 1 0F VEGETABLE DISEASES 



if 



Diseases of vegetable, crops are caused by organisms (biotic agents) which 
derive' their nutrients by feeding on other plants. Some diseases are al/o 
caused by adverse environmental factors (abiotic factors) which cause the vegetable 
plant to malfunction. Fungi , bacterid , viruses, nematodes and mycoplasma are the 
fiving organisms which can cause plant disease. Toxic chemic~als/*bw or high 
nutrient levels , adverse temperatures and too much or too little water are some 
of the environmental factors which can also cause plant disorders. Both cultural 
and chemical methods are used to control plant diseases. In the following 
discussion biotic agents as the cause of plant disease and chemical pesticides a6 
control agents will be primarily discussed. ' 

Disease Cycles 

i ■ . ■ ■ 

All vegetable diseases caused by biotic agents have a disease cycle, i.e., 

a pattern or sequence. of development. Usually control measures must be applied at 

specific stages in the disease cycle if they are to be effective. If the disease 

is wrongly identified, or control measures poorly timed or misapplied, disease - 

control will be disappointing, at best.t Improper timing of sprays is one of the 

most common reasons for poor disease control. 1 

Disease cycles ;are of two kinds: primary and secondary. The primary cycle 
is initiated by the biotic agent (pathogen*) after a period of dormancy or 
inactivity. In Michigan this occurs usually in spring after the winter rest period. 



* A microorganism capable of causing a plant disease 
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Secondary cycles occur as a result of pathogen propagules (inoculum) produced 
during the primary cycle of disease development. During a growing season a' pathogen' 
may have several secondary cycles, but, only one primary cycle. — T M 

L. . . 

During a disease cycle, the pathogen passes through several stages, and 

knowledge of any or all stages may be necessary to effect satisfactory control. 

J • . 

These stages may be listed as: ,(a) dormancy, (b) primary dispersal, and (b2) 

innoculation, (c) incubation, (d) multiplication, and (e) secondary dispersal after 

which stages b2, c, d, and e may be repeated several times during the growing seasorf? 

The lengths of each stage varies with the environment, the pathogen and the * 

condition of the host plant. f . . 

<s 

Dormancy stage : During dormancy the pathogen is inactive. The inactivity 
may be ^ temperature or moisture induced or may be induced by the absence of a sat- 
isfactory host. Fusarium wilt of vegetables is a warm temperature diseafse and the 
organism cannot become fully active until soil temperatures are sufficiently high. 
The sclerotia of Sclero.tinia sclerotiorum will not germinate to produce the sexual 
stage. When temperatures' are no longer limiting many pathogens still will not | 
initiate growth unless, a suitable host is present. Some fungus structures, nematode 
eggs, etc., will not develop unless 4 growing plant exudates are present. 

Primary dispersal and inoculation : Some pathogens wait for the host to come 
to them, others break dormancy and produce propagules which are liberated and 
dispersed by wind, water, insects, or man. Usually this activity is temperature 
induced and coincides with a particular stage in the development of the potential 
host. The primary dispersal stage ends when the propagule is deposited on a 
suitable host. 

The act of -inoculation consists of.placjfog the pathogen in a location on the 
host (the infection court) where further development can occur. The terminal point 
of dispersal may be inoculation if the^pathogen has been deposited in the right 

location on a suitable host. 

• . { 

Sources of inoculum (propagules of the pathogen) may be diseased crop refuse, 
iving plant parts (seeds, transplants, fruit, leaves, etc.) or contaminated 
tools and equipment. Infection courts are such areas as wounds, healthy plant 



' . . - 25 - 

'surfaces (leaves, fruit) or natural openings in the plant (stomata r nectaries, 
lenticels) . , / m ' 

Incubation stage ; This stage in the disease cycle is the time between 
inoculation n and the first expression of disease symptoms. The length of this 
stage is determined by three interrelated factors: the host, the pathogen and the 
environment (temperature and moisture, primarily).. During this stage the pathogen 
must infect ;an,d establish itself within the host. V If conditions aire not proper, 
disease will not occur. 

Multiplication stage; After the pathogen has established itself, it grows 
through the host tissues causing disease which is expressed as wilt, leaf spot, 
fruit rot, cankers, galls, and other symptoms. Eventually the pathogen develops 
reproductive structures which may not be dispersed until the plant dies and 
decays, or they may be produced in such a way as to be carried of f 'by wind, water, 
insects and/or man while the host plant is still partially alive. These 
reproductive structures . are secondary inoculum and when dispersed constitute \he 
secondary dispersal stage of the disease. This latter inoculum, may cause secondary 
disease cycles which usually occur during the summer or growing .season of a given 
crop. , j ..'„■■/.#/ 

> • ^ y 

• ■ . Y • 

Examples of Vegetable Disease Cycles *' 

n 

Many vegetable crops are grown in Michigan and each one has one to several w 
diseases affecting it which may cause minor or severe crop losses depending on the 
growing conditions (environment) during a given year. , Most vegetable crops are 
annual in Michigan, ' hence severe disease losses during one year do riot necessarily 
mean severe losses in subsequent years, even in the sai^e field. 

Many textbooks have been written on the . subject of vegetable diseases, 
hence^ for the purpose of this -manual only a few representative di^sea'ses will be 
discussed in detail.; The emphasis will be given to points in the disease cycle 
where weaknesses occur and control practices can be most judiciously applied. For 
information on other diseases of vegetables contact your county Extension office or 
Michigan State University. t 
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Black leg of cabbage : Black leg is caused by a fungus, Phoma lingam . The , 
lease occurs mainly in the temperate zone where ever its cruiferous hosts are . ' 
fou^d. It is one of the most destructive diseases of cruifers;. however, due to '« 
effective control measures it is seldom a severe problem anymore. « 

Symptoms: plants can be infected during any stage of growth from seedling 
to maturity. Usually the first symptom is an oval, depressed tan canker near the' 
base of^the stem. The canker enlarges until the stem is girdled. Circular tan 
spots also appear on the leaves and elongate lesions occur on the seed stalks 
, and pods of seed plants. In the cankers, spots and lesions numerous tiny black 
dots appear. These are fruiting (reproductive) structures of Phoma lingam . 
The presence of -these structures is an important diagnostic sign (a visible structure 
ojj the fungus) . Badly diseased plants wilt and leaves brown or turn bluish-red ' 
the margins. ..^The stem canker may cause the plant to lean or fall c^ver. 

. Disease cycle (primary) , The fungus can survive in crop residues and soil. 
V f ° r UP to * thre f Years. It also is carried on and ^the^seed^/when infected seed 
is planted the fungus infests the soil and can attack nearby healtjtf seed and { 
. ^ee^lings.; .Als^o, some diseased seed grows allowing direct attack of the seedling ,. 
^prod^ced. And where--prdvious>crop residues are present seedlings may also be 
h^**?™^* ^to'e"b£^Aoculum. Lesions and spots produced by to^pr_ 
/^p^>°° '^oduce black" fruiting structures (pycnidia), which produce spores. 

^Igpfteaje^cycle (secondary). Spores produced in' the pycnidia Jbf the primary 
K^0^^^f^"^e 'liberated when temperature fend moisture conditions are. satis- * 
^factory. These spores may be dispersed by wind, rain and cultivation tools to 
new areas on the same plant or other plants where new infections will occur. This 
secondary spread within a field can 'occur repeatedly during the growing season. 

v ln this disease the stopping of primary spread (seedborne stage) is critical - 
to disease control. •« ' •' 

Tomato and Potato Late Blight - ■> 

^ - This major and highly destructive disease of potatoes and tomatoes is caused 
by the fungus Phytophthora infestans^ This fungus :" shares the. distinction; along 
with a few others, of having 'changed the course, of history, because it was 'directly | 
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responsible for the potato famine in. Ireland and Europe which caused a large 
number of these people to immigrate to the Unite^Statea. ' 

Symptoms : The disease attackJ^Sll parts of its hosts., An infection is 
first evident by the appearance of circular or irregular watersoaked spots on the 
foliage, usually on the lower leaves. These spots rapidly enlarge destroying the 
leaves and stems of the plant. During rains spores produced in the jspots are 
washed .onto; fruits or down the steirt into the soil where they can. iniect the 
potato tubers. 

On tomato fruits -dark,, olive-green, greasy-appearing spots develop' which 
'enlarge to rot the entire fruit. On potato tubers in irregular, purplish-black . 
or brownish blotch appears which becomes firm, dry, N and somewhat sunken. 

The foliage and fruit symptoms can develop and spread as long as conditions ' 
remain moist or until the, host is destroyed* Once infected, fruit ajjd tubers 
will continue to breakdown in storage producing* watery putrid mush from which y 
nothing can be salvaged. 

Disease cycle : The disease survives as mycelium (vegetative fungus strands) 
in tubers in storage, in the field, in cull piles or 'dumps: ThiS. is the primary 
inoculum. In more temperate climates it may survive on cultivated or wild hbst 
plants in nature. When infected tubers afe used for seed the fungus attacks the 
tuber sprouts and grows to the aboveground .shoots. Undei: favorable conditions 
of moisture and humidity 'the fungus readily produces spores which are windborne 
or waterborne (initiation of the secondary cycle) to healthy plant tissues. 
Tomatoes may be infected by this windborne^^oculum from potatoes. However, more 
commonly, the initial /infection in tomatoes occurs in seedlings grown in the 
southern United States and transpprted to Michigan. From these infected *' seedlings 
secondary spread to healthy plants readily occurs. 

Temperature and humidity are* very important to the development of ' this fungus. 
— j 
Fungus reproduction or sporulation occurs most abundantly at or near 100 percent ", 

relative humidity and at temperatures between 16°C. and 22°C. The propagules 

lose their viability in 3-6 hours at relative humidities below 80 percent. On the 

other hand, the period of . time from inoculatipn of a plant to sporulation (first •* 

crop of secondary spores) may be as short as 4 days; thus, inoculum levels can^^^ 
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build up to epidemic quantities in a short time. Hence, knowledge and surveillance 
of these factors are critical to control of . this, pathogen. 



. 0 

Fusarium Wilt of Vegetables 



'The genus Fusarium_has >several species of fungi which can cause severe 
Plant and crop losses. In. particular, the species F. oxysporum contains several 
variants which affect specific crops. Hence, the fungus F, - oxysporum f. batatas 
causes a wilt disease. of sweet potato, F. oxysporum f . pisi causes a wilt 
disease' in peas, F. oxysporum' f . melonis causes a' wilt disease in muskmelons 
and cantaloupe and F. oxysporum f . lycopeirsici affects tomatoes. In all 
instances the process of infection and disease development, is similar; hence, for 
purposes o^ this/discussid'n, the wilt "disease of celery, / F usarium yellows;" will 
be discussed. - 



Fusarium yellows of celery is caused by F. oxysporum f / apii which is a soil 
inhabiting fungus which can remain alive for many years after it- is ^introduced 
. into the soil even if susceptibl/host plants are -not present. \„ ' 

Symptoms : The fungus invades the root system of the plant causing a deteriora- 
tion of the root .system and a malfunction of- the vascular elements (wSter ducts) . . 
As a result^ the affected plant is stunted, pale green ("yellows"), apd the tissues 
•are brittle and bitter. If infected as a Needling the plants soon die, older 
plants, however, '-may live as long as healthy individuals even though they are 
dwarfTed and pale green. When the stalk is cut longitudinally through the base * 
an internal yellow to red or brown discoloration can be seen extending upward in 
the vascular tissues. . j • 

Disease cycle: Fusarium, once introduced, remains viable in the soil for 
many years. Usually the initial introduction is made by diseased seedlings, or 
.the soil carried with them (primary spread). Once in the field it may be further 
dispersed by water, and soil movement and contaminated Sarin equipment or infected 
plant parts (secondary spread). - 

When seedlings. are planted. the fungus propagules are stimulated to activity 
and can produce structures which penetrate the root of the seediiha directly or 
through injuries to the roots caused in transplanting. From the rootsy the fungus • 1 
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grows throughout t^e- plant via the vascular tissues. From the time of , inoculation 
until symptoms are , expressed requires about 20 days under normal' growing conditions. 
Since- infected plants are not marketable they, remain in the field and/ as they decay 
add to the fungus inoculum already present. J n / 

i Soil moisture levels are not critical for Fusarium activity. However, 

soil temperatures between 68°F. and 90°F. allow maximum fungus activity and favor 
disease development. . ( " 

, B acte rial Wilt of Cucurbits ^ 

r ' 

\ : C ' . -' ■ - 

.This disease caused by the bacterium Erwinia tracheiphilia can attack several 
members of the plant faijtily Cucurbitaceae. Cucumber^, muskmeions, pumpkins, 
squashes, gherkins, white gourds and numerous wild cucttrbit^ are susceptible. 

Watermelon is rarely infected. " U ■ ' ' v 

- k 

Symptoms ; The firsts-symptoms of disease are the drooping (wilt)- of one or . 
more leaves on the vine/ This mild wilt is quickly followed by the wilting of 
whole canes an<J finally the entire plant collapses as the bacterium moves' 
throughout the vascular system. The incubation period f^r, ba'cteriai wilt Is \ 
usually lass than | week ;and the whole piant-^s* invaded in 12 to 15 days. Inviess 
susceptible plants like the squashes the^H^ectkori sometimes progresses more slowly 
resulting in a dwarfing of growth along with excessive blossoming and branding. 
Fruit production is reduced and of inferior quality. 
■ \ # - . , , • 

When the ^issues of infected plants are cut droplets of baiterial ooze 
(a creamy, gummy liquid) can often be squeezed out. «However • this is not always a 
dependable way to determine the presence of the bacterium. 

■ Disease cycle (primary ) : The pathd^en overwinters in the bod^ of the striped 

and 12-spotted cucumber beetles. In the-:spring when the beetles begin to feed, ■ ' 

the bacterium is transferred to the feeding wounds on the plant in the fecal matter 
of the, beetle. - 

The relationship between the beetle and the bacterium is an obligate one as 

L|has been shown that if the bacterium is eradicated the beetle also disappears, 
so the bacterium N is not able to enter the plant unless ■ introduced into major 
wounds such as those created by the feeding of the beetles. 
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Secondary spread (secondary disease "cycle), occurs when beetles feed on - 
infected plants and contaminate their mouthparts with the' bacterium. Once . 
contaminated in this manner/ th6 beetle is capable of infecting the next 3 to 4 
plants on which it feeds. \ 

In this disease knowledge of the beetle (vector) and its, relationship to 
4 the bacterium is essential to control. 

v Sclerotinia Diseases • 

Sclerotinia sclerotiorum is a fungus which has a wide host range in the ' 
ve^ptable * crop^ and causes diseases which have a variety of common names. *It . 
*is called "white mold 11 or ."cottony soft rot" in beans; it causes "pink rot ,r and 
"damping-off" in cauliflower and celery. Sclerotinia disease in soybeans, jsquash, 
spinach, sweet potatoes, Swiss chard and' tomatoes is called "timber r rot, 11 
or "writ." "Petiole-rot" in parsley^ parsnips, onion, andl lima v beans, "canker". 
\n pumpkin and radish, and "^tery soft- rot" in. turnip* watermelon, cucumber, 
• carrot and cabbage may all be caused by Sclerotinia sclerotiorum . * In Michigan 
lettuce,, carrots, celery, beans, tomatoes, and onions are amo/ig the major -veg^fiile 
crops affected. * ' 7 ^ ■ ■'•,«•,, , ^ V- ,c "f ^ 

\ . ,: r - / •< . ■ ( V * ; . . : ... • \ ' : ■ . 

Symptoms :\> The pathogfen may attack its host atK any stage of .development . In 
seeds and seedlings it causes a damfiing-of f ^disease land the young plant may be 
destroyed in less than a* day if environmental conditions are favorable to disease 
development. The' pathogen is a soil inhabitant, hence when it do<=is attack a plant 
it is usually through the roots or stem or apportion of the plant that has 
contacts with the soil*. When roots are attacked the symptoms are a gradual ' 
decline of the plant— lower leaves yellow and die, growth is reduced, and wilting 
may occur. When the stem is attacked the above symptoms. are also expressed; 
however, the affects may be onesided at first, followed by g^neral^ilt and 
decline as the stem is* gradually girdled. Whenever an aboveground "plant part is 
attacked symptoms are usually accompanied by a cottboy, "white fungus growth and 
the development within this mycelial growth of black, hard structures which may ' 
be one-sixteenth to one-half inch in diameter. These structures are called 
sclerotia and enable the fungus to survive betweefn crops and during unfavorable 
climatic periods. 1 £ 
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Disease cycle' ; Sclerotinia sclerotiorum survives as sclerotia in the or 
in diseased crop residues. The < sclerotia require ^period of, low temperatures 
% before they (till germinate to. produce the spore stage of the orginism. When this 
occurs the sclerotium producers a saucer-shaped '^tructure on a stalk in which - 
many* spores are produced^. These spores are forcibly liberated from the saucer and 
are air dispensed. If not subjected^ to cold, the^sclSlfc^ium will simply^produce 
mycelium which can grow thj^J^h the soil to infect susceptible crop tissues which 
have been planted nea£ it. ■ \ 



* \ Whether spoVes, or mycelium ai?e the primary inoculum, as soon' as new host 
tissue/ is invadedMnore sclerotia are produced .to aid in the secondary spread of 
the disease. 1 • 4 

■■ - , ' > • ■ / 



VEGETABLE FUNGICIDES AND BACTERICIDES 

& . 4 



Chejnically, -fungicides may be divided into inorganic and organic types. 
The inorganic materials, such as sulfur, copper and mercury compounds, were the 
earliest fungicides usecjl in commercial vegetable production. Many of these early 
compounds have now been replaced by organic fungicides, which are generally less 
phytotoxic and more effective than the inorganic compounds. * ■ " V 

: . ' • \ ' v : : 

Inorganic Fungicides 

'• ' ' P. y "\ ~~ ' # ■ 

Copper Compounds " 

• Bordeaux mixture tyas been used for nearly 100 years for disease control. ! 
Consisting of soluble copper sulfate mixed with hycS^ated ljune in water, it is >" ■ 
used as a spray. The lime safeguards the mixture and improves control by sticking 
the copper onto othe plant. . 

£ 

Bordeaux mixture is seldom used for the control of vegetable diseases du^ to 
its phytotoxib properties. It -is, however, sometimes "used for late blight contr<$0: 
in potatoes when severe disease condition exist. In a 2-6-100 Bordeaux, ^f or ■ \ 
example, the first figure of the formula is copper sulfate in pounds, the second 
figure is spray lime in pounds, and the third figure £s water in gallons. 
Homemade Bordeaux is superior. to prepared dry mixes. 

Bordeaux has many compatibility problems. Before combining with other 
pesticides, check the compatibility chart and read the label container ^arefully, 
especially of the material you wish to add , to the Bordeaux. In addition, Bordeaux 
is often somewhat phytotoxic to fruit and foliage when , appl-ied under cool, slow- 
drying conditions. Damage consists of fruit russetting and some spotting' of > 
tender foligage. 
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The "fixed," or "insoluble /popper compounds are sometimes used in place 
of Bordeaux mixture for disease control/ There are several fpced copper products 
available, containing either basic copper sulfate, basip copper chlorides, copper 
oxides, or various -other formulations. These formulations are used for the 
control of downy mildew of cruifers, early and late f blight of celery, bacterial * 
blights of beans and cucurbits and anthracnose and other leaf spots of various 
vegetable crops. 

. ' ■ ■ .-. .■ ■ • / . ; . ; .• 

Sulfur Compounds X 

Sulfur was the first known fungicide arid is", still, used extensively today for ' 
the control of certain foliage diseases- Sulfurs are know^ particularly for 

. their effectiveness in controlling powdery mildews- They are us£& as dusts or as 
sprays-. Although several formulations of sulfur exist, they,, fall into three 

'types: wettable sulfur, sulfur paste, hpd lime-sulfur. The wettable sulfurs 
are the most common types used today. ' ^ 

• Lime-sulfur is seldom used in vegetable TOoduction due to its 'unsiqhtlv » 
residue an<%^hytat;oxicity problems. <How$ver.,. it\ still finds a use in powdery mildew 
^control ih peas'." 

Wettable sulfur and sulfur paste : . Because of their convenience, the" 
wettable sulfur formulations' are generally used. Recommendations are usually " 
based on a 95 percent wettable sulfur £oirmulation.- Formulations containing .less 
sulfur should be used at higher rates. Sulfur was once used extensively as " a 
protectant for powdery mildew, but it ha^ generally been replaced ±>y. organic 
materials of the protective-eradicant type which are less phytotoxic:. 



Mercury Compounds , 

Mercury , ' both inorganic , and organic forms, was used -extensively as a seed 
protectant fungicide until recent years. Due. to their possible contribution 
to taercury contamination of £he environment and their toxicity :.to humans and 
animals, mercury compounds have been suspended for use as fungicides. Organic 
fungicides have essentially replaced the' mercuries . 
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., • Organic Fungicides 

Benzene Compounds .' 

• \. ^ ' : » ') : . . 

There are several fungicides in this chemical class but most of them are 
relatively specific in the diseases they control or in how they may be used. 
Dinocap is specific for powdery mildew sand is sold under the trade name of 
; Karathane or Mildex. Dichloran Botran is "u#:ed for Rhizoctbnia and Sclerotinia 
disease control 'in lettuce and other crops where PCNB can no longer be used." 

Dinocap (dinitro capryl phenyl crotonate) is a 25 percent" active wettable 
ftowder sold under the trade name Karathane . It is used primarily for the control 
. of powdery mildew, g liquid formulation is also available. It is often- used Jji 
the summer' when high temperatures make the use of sulfur questionable on" vegetaJWre: 
This material may be combined with other fungicides used for disease control but 
should not be used with liquid insecticides having an organic solvent (kerosene 
or, xylene) base. » \ •''„■■..'■' 



.table ' * 

•powder for use as a soil drench and basal spray for several vegetables. 



Botran' (2/ 6-dichlof o^4-nitroaniline) is a 75 percent yellow, wettable 



Outer (triphenyltin hydroxide) is a 47.5 percent, white, wettable powder , 
used on carrots and potatoes. It is used;.ona 7 to 10 day schedule for Cercospora 
and Alternaria leaf spot^control in carrots and for earlv^and late blight control 
in potatoes. Duter has the side benefit of being an effective herbicide against 
p*urselane in - these crops. 



• Dyrene (anilazine) -is a 50 percent wettable powder or a 5 percent dust used 
as a foliage fungicide in vegetables and turf. „ it is used for early and/late v 
blight control in celery, potatoes and tomatoes.. It also provides effective • 
control : for .Anthracnose and Alternaria diseases in the cudurbits. Dyrene also 
works well on several foliage diseases of onion-. 



New PCNB, Terraclor or Pentachloronitrobenzene . is a -75 percent wettable 



powder which is highly effective agaii^st^several soilborne diseases.' It was 
extensively used as. a soil drench and basal spray for Rhipoctonia and Sclerotinia 
rot control in lettuce, celery, ^beans, -and other crops. Duetto residue problems, ' 



however,, its use has recently been confined primarily to the treatment of seed 
r (preplaatr) '* - 




Nabac (Hexachlorophene). is a 25 percent wettable powder or a 13 or 20 : 
percent liquid concentrate which. has bactericidal activity. Though not widely. * 
used in vegetables it has been effective in the control of angu^ax leaf spot, of ' 
cucurbits., - It is also^ used ^or^bactetial spot, and canker suppression in peppers 
and tomatoes. For good: control .early detection and thprough coverage are necessary 

Benzinfrj.<azole Compoonds -ir. 

J • ■ r ^ 

The benzimidazoles are systemi* fungicides and ij^clude . f ueridazole, bertoiwl • 

and thiabendazole (TBZ) . ; These/compounds are in the early stages of development: 
, commercially. The benzimidarates are primarily' effective against the ascpmycete 
. fupgi, i group that includes 4 ^large 4 puinber of plant' pathogens. In this group- 
benomyl is the^most widely -us^and is registered for control for a jiumber of 
vegetable disease\. Benomyl appears to be active at slightly JL'6w6r rates than 
t ^ i ^ endazoie * * ecause th ey are systematic , they are' effective against internal. 
pathogens and less subject- to weathering. 

v '• .•: ' ' "" V ■ \ . ; .: 

There are also two closely 4 reflated fungicide compounds which are usually 

considered within this class— thioph<*nate, also ca[lled^opsW^or Cercobin, and' " : 

thiophanate-methyl, also called Topsin M. The spectrum of activity d£ these 

compounds resembles that of. the benzimidazole compounds^ — Reicent evidence -indicates 

both benomydT and thiophanate-methyl -break down into the same fiingi toxicant, thus 

explaining their similar biological activities. , ' 

\ / o r ■ \. ~ ' - - * ■ 

' Benomyl (methy 1- (butylc^rbamoyl)-2-^^^L ( jj j idazole carbamate), is used for 

- the control of; white mold in beans and letfejic^, powdery mildew, dnd gray moljct-. 

caused by ^otrytis , and Cladosporium leaf moV* <of tomatoes. ^ 

Benomyl is particularly effective for the control of- white mold in beans. 
Sprays may be started at early blpom,, but befpre'plant close over the row. ' ^ 
Applications" must not be made closer than 14 (snap beans) to*2&*(lima bean) days." 
±?*to harvest... /* . \ 

:^ \ Because pf problems with fungicide" tolerance, benomyl should notfbe used on 
an exclusive schedule. s To avoid tolerance, benpmyl is often combined witji other 
fungicides and applied as a mixture. • * / 

%9 
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, Thiabendazole (2- (4-thiazolyl) benzimidazole) is used ., for control of r 
-storage rots of potatoes. Thiabendazole is -active against Fusarium, Penicilliuia 
and Botrytis (bluemold and gray mold) but will not control rots Caused by * 
Phytophthora and Pythiunu Dip, jirench, or spray the harvested tuber with a , - ■ 

suspension of the fungicide. .« '■ 

v 4 * - < 

Carbamates . ' v ■ . ' <*, , . 

- ' . fc" 1 : > ' ' • ' . •• • 

• • Development of tfhe carbamate fungicides wa6 a major breakthrough in fungicide 
.chemistry. Because of their value to mankind in 'preserving .food and fiber, the 
discovery of the carbamate fungicides is comparable in importance to. the discovery 
of DDT as an insecticide.' These compounds are used throughout, the world, to 
contrpl a variety of diseases on many crops. ' & 

;■'./. . . ' ; , ' "* ■,' ■ - -v.-". . -'. / • .. 

* ' The carb^amate fungicides are all 'derivatives in ditl>iocai£bamic acid, "an organic 

'". , J " ■ ■ 

.acid, used in vulcanizing rubber. They are classified into three groups: (1) The 



f 



iuraro disulfides . These are sold under many trade names , suclj'. as JThiiram, 



Arasan/ Tersan,. /Thylate, etc. , and are known by the common name of thiram. On 
vegetable crops they are" used primarily for, the control, of the seed rots and seedling 
\diseases. ^2) ^ The t dithiocarbamates. : Ferbam and ziram are the important members 
of this class. a Although they are not used as much today as previously, they are 
still used to some' extent for the control of seed, seedbed and seedling diseases. 
(3)- The ethylene bisdjthiocafbamates . Nabam, zineb, and maneb are important 
members bfl this class.' Maneb and certain related, compounds are used extensively for 

the control of / several diseases of vegetable crops.' Like the dithiocarbaioates, « 

v. ■ * , * 

each of these chemicals contains metal such .as' sodium, zinc, iron, or manganese. 

. The thiraro disulfides' : Thiram ( tetramethylthiuram disulfide) is so^d under the 
, trade names of Thylate and Thiram. Thiram' can b'e used for seed treatment to control 
dampdng-of f .in carrots, beets, lettuce, onions, peas, spinach, tomatoes, 
"eggplant, and^pe^pers. 

•: , ■ . : .;• r *. ■ *..v \ ... ' ' ■ ' . ; ■ * ■ 

The dithiocarbamates : Ferbam (ferric dimethyl dithiocarbamate) i£ formulated tffe 
a, 76 percent wettable powder. It is used as .a protectant for qontrol qf drop 1 
(Schlerotinia) ,■ gotrytis blight and bottom rot in lettuce and other vegetables . * 
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/' ^ ^The ethylene bisdithiocarbamates : Maneb (manganese ethylene bisdithiocarbamate) 
is used^qn many vegetables for foliage disease control . It has many uses from f 
'rust and anthracnose control on beans, and control of corn leaf blights, to downy 
mildew and cercospora leaf spot control on tomatoes and peppers. .It is a broad 
spectrum fungicide and profitable vegetable production in Michigan would be . 
difficult without it. 

Zinc-maneb (Manzate D. or Dithane"*M-22 Special) is an. 80 percent dry wettable 
. formulation of maneb containing zinc as a safener. This formulation is used as 
an alternate for maneb on some crops.. 0 

Mancozeb (Dithane M-45 an£ Manzate-200) is a coordination product of maneb' 
and zinc ion; T It is an 80 percent wettable powder. 

• * 

These products are used interchangeably onvmany crops, however, the latter 
two are somewhat more expensive and are^usually only used where "sensitive crops or 
severe disease- conditions exist. They have excellent sticking properties. 

These products are compatible with most pesticides and can be uSed in ' 
combinations similar to ferbam. 

Polyram is sold as an 80 percent wettaLle powder and is a mixture of 5.2 
by Weight (83.9 percent) of ainmoniates of (ethylenebis (dithiocarbamic acid), 
biomolecular and trimolecular cylic anhydrosulf ides, ^and disulfides, J.t is^dsed in a 
protective schedule against anthracnose and alternaria leaf spot diseases of 

^ cucurbits and is „used against black leg and Fusariura tuber rot in potato seed pieces. 
Polyram has good retention arid redistribution properties. It is a mild eradicant, 

' approximately equivalent to captan. 

Polyram like ferbam is compatible with most pesticides and can be used in 
combinations. 

Zineb (zinc ethylene bisdithiocarbamate) is sold as a 75 percent active 
wettable powder. It has a broad spectrum .of activity and is widely used on 
vegetable crops. Rust control in asparagus and beans as well as Alternaria, foJftitf- \ 
mildew and bLack leg on crucifers may be controlled by zineb. ' Downy mildew, 
purple blotch, Botrytis leaf blight, and neck rot in onion, and Alternaria leaf spot, 
downy mildew, anthracnose and Cercospora leaf spot on radishes and spinach can be' 
effectively controlled ,with a regular zineb protective spray schedule. ' Zineb is ' 
also widely used for early and late blight, plus Septoria and Phomopsis' blight, 
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and |knthracnose control on tomatoes, peppers, and eggplant. 



Trichloromethylmercapto Compounds 



This group includes three closely related fungicides— captan f folpet, and 
Difolatan. v Captan was the first to be developed. It is used for the control 
_ ( of a large number of fungus diseases of many .food and ornamental crops. .Folpet 

and Difolatan have similar properties and are used where they are more effective than 
captan. Difolatan is known for its ability to resist weatftering *and, thus, gives 
extended control.. 

\ « 

Captan (N-trichloromethylthio-4-cyclohexene-l, 2-dicarboximide) < is used for 

control *of * seedling diseases and some foliage pathogens in vegetables. It is 

primarily used along, with thiram as a srfeid treatment comp6und since mercury compounds 

have been banned. It is also extensively used to control seedling diseases in the 

seedbed, potato seed piece treatment forblack leg "and Fusarium -control, and 

* >■ \ 

for leaf rat and gray mold control in rhubarb. It is Usually marketed as a wettable 

powder formulation. Several dust formulations and an 80 percent we t tab le c powder* - ' i 

--formulation are available -and should be used at Equivalent rates. 

Thoughoprimarily a protectant fungicide, captan will eradicate jsome diseases 
if applied shortly after the beginning of infection. Captan does riot have good 
retention properties and must be applied at 7-10 day intervals during periods of 
rainy weather. \ 

Difolatan (cis-N-(l, 1, 2, 2-tetrachloroethyl) thioX-4-cyclohexene-l, 2-» ■ 

dicarboximide) is ' formulated as an emulsifiable solution containing 4 pounds of 

Difolatan per gallon. It has good fungicidal activity on several pathogens and 

has excellent retention and redistribution qualities.' It is used fo^ anthracnose * 

^ and Alter naria leaf spot control in cucurbits and controls anthracnose and early/ 

late, Septoria and Phomopsis blights in tomato and pepper. 
/ ■ 
Human skin sensitization has occurred in some instances where Difolatan was 

used.. Only a small percentage (10 percent) of the population is sensitive. A 

few farm workers have developed a reaction to the product after exposure to 

residues of Difolatan on the leaves and fruit. / People who may come in contact with M 

"it must be warned of the possibility of this . allergic reaction. ™ 
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Antibiotics „ 

Antibiotics are^e^a! substances produku* micro-organisms .which are 
toxic to other micro-organisms. Penicillin, produced by the fungus 
Penicillium nota^ is an" example of an antibiotic widely used in human medicine. 
Certain others are u%i for control of plant diseases" caused, by .either bacteria or 
fungi. 

. Streptomycin, an antibiotic produced, by a soil micro-organism, is used for the 
control of bacterial diseases... It is used against bacterial spot and bacterial 
canker in tomatoes and peppers. It can be quite effective if sprays are well 
timed and thorough. It is ineffective against diseases caused by Xanthamonas spl " 
bacteria, however. - 

Fungicides, the Disease Cyc le, and Control 



Much goes into thefplanning of an economical and effective spray program. A 
successful disease control schedule, must be based on knowledge of: 

1. the life history of the important diseases likely to be encountered on a 
given crop,- . ; 

2. the^characteris^i^f the various fungicides and bactericides available, and 
their pfoper use^and 

6ility of the different kinds of varieties^ vegetables to disease 



spray/ injury, 



The following information relates the control of disease to the characteristics 
of several fungicides! It is an example of how to put together a control program. ' 
It should be remembered that these, are generalized approaches which will ha4 to 
be adapted to the specific requirements of tlje crop involved. Several general 
approaches are described. . 



1. 



Protectant spray program -Protectant arrays are applied before infection occurs. 
They set up a chemical barrier between the .susceptible plant tissue and the) 
germinating spore. All fungicides iay be used effectively as protectants 
and in vegetable production most materials are recommended for application 
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in a protective spray schedule. The success of a protective spray program' 
depend S( .oh the frequency of application, the ability of the compounds to 
resist.the weathering action of sunlight,, rainfall and dew, "and the growth 
rate of the plant S • " ■ 

The use of the carbamate fungicides for foliage disease Control and the 
use of captan-thiram for seed treatment are' good examples of the' use of 
fungicides in a protective treatment. Septoria leaf spot of celery' cd-ntrolled* 
by Bravb or purple blotch of onions prevented by the use of copper oxide are 
also examples of protective spray programs. 

2 « Eradicant spray program— Eradicant-. sprays or chemicals that have the ability 
to eradicate an infection may be applied for a certain time after infection. 
Occurs and still destroy the pathogen and prevent crop damage. Eradicant 
compounds should be used at ^he full recommended . rate since lesser rates may 
reduce or negate their erad'icW ability. To use these materials effectively, 
the gr^/er must understand and\record hie. progress of disease development and 
£he- concurrent weather conditions, because excessive delay in application of 
; , the y4 radicant spray may allow the pathogen to become established' in its hosV 
beyonk the period where the eradicant can confine and eliminate disease "\ 
developmetit^ Also weather plays an important role, for the eradicant must ]Je J 
applied regardless of the weather if control is to be achieved. -The systemic 
fungicides such, as benomyl and thiabendazole have eradicant properties for 
the control of p6wdery mildew, Fusarium , anthracnose and Cladospor-jum leaf 
mold diseases. , 



Protectantireradicant programs— Several spray programs used in modern vegetable 
production u^e a combination -of protectant and eradicant fungicides for successfu: 
crop production. Due to the high cost of many fungicides it is often most '* 
economical to- use protectant materials during the initial stages of crop 
development and app^y eradicant materials only when weather and disease con- 



ditions necessitate, 
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Tank mixture programs— Applying two or more fungicides simultaneously in the same 
spray has been practiced for several years to achieve increased protection or 
eradicant action against one or more diseases, and to reduce application costs. 

JO 
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Occasionally, manufacturers will sell fungicides in mixed form, thereby elim- 
inating the need for the 'growqp: to mix compounds on his own.- 

Because of problems with fungicide tolerance there is increased interest 
in mixing fungicides with different modes of action, thereby -delaying or 
preventing the buildup of tolerant strains of disease organisms. ■; . 



Tolerance to Vegetable Fungicides 

. Development of tolerance in fungi to the fungicides used to control them 
* % - * 

has been rare under field conditions. However, recent experience , with some of 

the new organic fungicides (especially those ^with* systemic action),, with selective 

action on fungi indicates fungicide tolerance can' be a problem. - 

Tolerance problems on vegetablestfin Michigan have not become a major problem . 
as yet. However, benomyl-tolerant Botrytis blight and powdery mildew are known 
in several crops other than vegetables. (• 

Although it is seldom possible to determine the source of tolerant fungal 
strains, the pattern of fungicide 'application has a marked effect on where 
tolerance problems will occur. High and continuous selection pressure, such as 
from using one or closely related fungicides^ repeatedly ye^r after year, tends to 
enhance the tolerant population. Thus, detectable populations of benomyl-tolerant 
fungi have been found primarily where benomyl was used regularly and exclusively for 
sevei^l years. M * , . ' ;* 

In order to reduce the emergence of fungicide tolerance in the field, ^ecific 
classes. of fungicides should not be used exclusively through the growing season 
or year after year.' g * 
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> SELF-HELP QUESTIONS 

NoW that you have studied,, this section, answer the following questions. Write 
the answers with pencil without referring back to the text. When you .are satis- 
fied with yourf^ptten answers, see if they are correct by checking them with the 
text. Erase your answer and write in the correct answer if your first answer is 
wrong. Note that these questions are not necessarily those that are used in the" 
certification examination. 

1. List, in order, the stages a pathogen passes through during a disease cycle. 



2. Is the pathogen active during dormancy? 

3. -What is the infection court? y ' / • 

'-/.:..• * •; 1 

) 

0 

4. When do secondary disease cyclers usually occur in Michigan? 

5. What is the first symptom of black leg of cabbage? r 

6. How does the pathogen causing late\blight of potato and tomato overwinter? 

7. What is the range of soil temperature moist' 'favorable for Fusarium wilt developmen- 

'.• ■■ , . ■ * 

8. How is bacterial wilt of cucurbits transmitted to the plant? 

9. Li^t at least five diseases caused by Sclerotinia sclerotiorum . 

10. Why is Bordeaux mixture not commonly used for the control of vegetable diseases? 

11. What are the three types that sulfur formulations can be classified as? 

. ' ' ' ' ■ ■ ■ i^.) 

12. Can dinocap be combined with other fungicides? 

< . • ^ , ; . ( - V 

13. Is Nabac a fungicide? , \ . 
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14. What diseases can benomyl be used to control? 

15. What is the main use of thiram on vegetables? V 

I ■ - - . ' • : . 

16. Is Maneb compatible with most pesticides? 

■• f ■ 

17. Is Polyram an eradicant or a protectant? 

18. Do both captan and -Difolatan have good retention qualities? 

19. What are antibiotics? ft 

" • ■. ' ' 1 . - ; . . ■ 

20. 1 At what stage in the disease cycle are protectant sprays applied? ' . 5 

21. Must eradicant compounds be used at, the full recommended rate? 

22. What are the benefits of applying two or more fungicides simultaneously? 



23. What can be done to reduce the possibility of developing a fungicide 
tolerance in the field? ^ 



This information is for educational purposes only. ' Reference to commercial 
products or trade names does not imply discrimination or indorsement by the 
Cooperative Extension Service- Cooperative Extension Service Programs are 
open to all without regard to race, color, creec^ or national origin. 
tXsjpusd in furtherance of cooperative extension work in agriculture and home 
economics, aqtis. of May 8, -and June 30, 1914, in cooperation with the U. S. 
Department of Agriculture. Gordon E, Guyer, Director, Cooperative Extension.' 
Service, Michigan State University, E. Lansing, MI 48824 
lP-400-3:77-U£ ' /" 
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